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Pregress Report No, IN-A
(SCR Repert L-473)

I. INTRODUCTICN

Ihis repori surmerizes prcgress achieved during the month on the
orogran "Fluldized-bed Gasificetior" which is a part of the gereral program,
"3es Generator Research and Develcpment,"” being ccrnducted by Bituminous Coel
Kesearch, Inc., for the Office of Ceal Research. This represerts the tenth

report of prcgress under Corntrsct No. 14-32-001-1297.

Design work on tke fluldized-ted geasificaticn FEDU (Process ané
Zquirrent Development Uzit) kas begun after receipt, on Jume 22, 1972, of
auvhorizatior from OCR to execute & subccntract wliih Foster Wheeler Corp-

oratier for an ergineerirg design paeckage. The laboratery study of the
regetivity of FYGAS char with steer hes been completed.

A, Fluldized-ted PELU

Iuring the ronth of May, prcposels were received from four engineering
carpanies cffering thelr services to design the fluildized-bed PEIU. Z2n
June 5, 1972, efter irtemsive review cf ell proposals, sutharizaticn was
requested from CCR to rnegotlate a subcontract with the Foster Wheeler
Corporetion. Authorizaiicr was received snd Fesier Wheeler has begun their
prelimicsry design werk,

Representatives of Foster Wheeler met with BCR on June 28 to discuss
the basis for desigo of the PEPU. It was ecphasized that the flow disgram
glven In Kopper's drawirg Number 24438 15 only e schematic of the m:ltiple~
bed coneept and 1s not to be regarded as a fixed hasis for furtkher design.
Tt wes intended to develop & mui*iple fluldized-bed gasificaticn system thet
2ould start with coal and have, ms ithe only product, a c¢lean fuel gas. The
flow diegram presented in drawing Number 24438 is cre way of acccmplishing
teis. However, the individual pieces of equipment ccntained ir thet diagrem
sre meert only teo define process functions, not to deteil an exclusive or
optirvm cholce of hardwere.

The scope of work to be performed by Foster Wheeler was discussed to
ensure complete understanding cn the part of BCR as well as Foster Wheeler.
Fcster Wheeler will provide, at a minimum, specificaticns and drawings in
sufficient detail to substentiste costs ard to establish performance criteria.




26.

P & I drawings, general asrrangement drawings, and details of specialty vessels
would be typical of the work to be performed. Piping details or isometrics,
structural steel details, and other such "detail design" items are not
considered part of this initisl design work.

The Pittsburgh seam coal shown in Column C of Table 5 will be used
for the hase case material balance calculstions in ar air blown system.
Reactor dimensions have not been fixed, but the internal diemeter should be
at least 14 inches to ensure meaninpgful data for scale-up pwrposes. Solids
Landling srd storage vessels and equivment will be designed for semi~continucus
operation, that is, a 2k- to 48-hcur test run.

E. Laboratory Investigetions

The study of the reasction of HYGAS char with steam was completed. A
gas chrcmatograph was readied for on-stresm analysis of the product gas
from the fluidized-bed batch reector.

1. Char Reactivity Studies: The study of the reacticn of EYGAS char
with stear was completed. Apperdix A4 in Progress Report 9-A (BCR L-UT1) gave
a description of the experimental procadure. Sixty runs were made at tem-
peratures frem 900 to 110C C =nd steam concentrations in anitroger from 33 to
100 percent. As with tke other chars investigated, the reaction reate was
fourd to be independent of particle diemeter; that is, chemical reaction at
the inbernal surfaces was the rate~-controliing step., The experimental date
were described by the following rete equation:

-x(c_ )63
(L-x%) =Ash + (L - Ash) e 320
and
X = 3.31 x 1¢° e.&u_%_;_oi
wkere X = fractiocn of char reacted

T = tempereture, ®Kelvin
C = concentration of reacting gas
t = time in minutes
k = apparent reactivity (1b C reacted )

(v C inventory ~ wdn)
Ash = weight percent of ash in unreacted char

From this rate equation, an activation energy of 36 keal/mole end &
pre-exponerntial factor of 3.31 x 10Pmin™? were calculated. Agzin the rate
wes fracticnal order, 0.63, Wita respect to the stesm concenmtration. Table 6
presents the analyses of the chars used in these resetivity tests., TFigures
13 exd 14 are plots of typical experimental data along with plots of the derived
rate equetion. Figure 15 is an Arrhenius® plot of the reaction rate coeffi-
cient of HYGAS cher compared with other chars investigated.



TARLE 5.

Analyses

TYPICAL ANALYSIS CF CCALS T0 BE USED IN FLUIIIZED BED TACIFICATICH PELU
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FMC
Consol
HIGAS
Lignite*
Elkol*

Pittsburgh¥*

TABLE 6, ANALYSIS CF CHARS USED IN REACTIVITY TESTS

Dry Baeils, Percent

Proximnte Ultimate

Volatile Fixed

Matter Carbon Ach Carbon Hydrogen Nitrogen  Sulfur Ash Oxygen
2.85 8s.o 7.65 88.7 0.8 1.3 0.6 77 0.9
11.6 58.4 30.0 S€.1 1.92 1,16 9.39 30.0 1.43
2.1 ™.6  22.5 73.5 1.35 0.62 2.89  e2.7 0.0
11.3 7.4 17.3 7.1 1.03 0.49 0.90  17.3 4,18
5.9 82.5 11.6 82.0 1.8 - 0.37 11.6 -
b2 83.5 12.3 83.L 1.k2 0.9 0.76  12.3 1.22

# Char made from these coals in BI-GAS Stage 2 PELU.
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WEIGHT LOSS, PERCENT

Reacting Gas: 100% Steam

Temperature: 1000 C
30 Solid Line: Experimental Data

Broken Line: Plot of Derived Rate Equation
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Figure 13. Correlation of HYGAS Chur Reactivity Data




WEIGHT LOSS, PERCENT

Reading Gas: 66% Steam-34% Nitrogen
Temperature: 900 C

Solid Line: Experimental Data
Broken Line: Plot of Derived Rate Equation
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Figure 14. Correlation of HYGAS Char Reactivity Data
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Figure 15. Arrhenius Plot of Char Reactivity Data with Steam




2. Fiuidized-bed Casification Batch Reactor: The fluidized-bed batch
reactor work was terporarily halted to mllow time for the reinstalletion of
<ke F & M gas carcmatcgraph. The chremsbtogreph hes been installed and
calibrated and will be used during the next report period to substantiamte
the predicted behevior of the batech reactor. Preliminaery work indicates
thet the reactor kineties for the oxygen/carbon dioxide gasification study
cen be describved by assuming all the orxygen instantaneously reacts to form
cerbon monoxide and the subseguent char/carbon dioxide reaction can be
described by the rate equations previously established. The extent of

carbon dlexide decomposition that can be achieved in a reactor of reasonsble
voitxe is yet to be investigated.
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